During the last fifteen years electroencephalography has evolved from a laboratory curiosity into a practical diagnostic aid. Many of the early hopes have been richly fulfilled-on the other hand some of the early confidence has been dissipated. From the physiological standpoint the information gained during this epoch is of enormous interest; indeed one may now speak quite reasonably of the physiology of paroxysmal disorders.
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As always there is a statistical and an experimental approach. It is with the latter that I am mainly concerned but it may be as well to scan briefly some figures culled from the records of an EEG department, in order to appraise the value of the method to clinicians.
Since 1942, when quantitative methods of analysis were introduced, about 8,000 patients have been examined; many of them several times. Of this clinical population about 75 % have been referred because of seizures; that is, in the EEG files they are classed as "? epilepsy". This number, about 6,000 patients, does not include any whose attacks are believed by clinicians to be due to a known intracranial lesion, but many of course-100 15 normal* 20 doubtfult 65 abnormal (28`pecifiic 37 non-specific resting and overbreathing Diagnostic ..7 significance unknown 3 abnormality augmented I15 suggestive organic disturbance by photic stimulation photic response anomalous but S \/~~~NOT diagnostic. 12 specific with photic stimulation 40 total diagnostic *" Normal" here includes weighting for age. t"Doubtful" includes asymmetries, unusual distribution of normal components, immaturities, frontal "alphoid", transient theta rhythms and the like. +Specific here means diagnostic of "idiopathic" epilepsy-wave and spike, sharp and long waves, spikes while resting or during overbreathing. particularly during the war years-had a history of head injury. Over this whole period about 550% of these patients complaining of fits gave EEG records which we classed as "abnormal" but less than half of these abnormalities, 25 % of the total, were regarded as strictly diagnostic of epilepsy or intracranial disease. There is a marked correlation with age; only a few hundred of the diagnostic records were in patients over 30 and in many of these the findings were suggestive of a local intracranial lesion. The figures up to four years ago are analysed in detail in the book "Electro-encephalography" edited by Hill and Parr (1950) ; since the time when this was written various activation procedures have been brought into operation and the clinical value-as well as the scientific interest-has increased. One may now say that in 100 patients complaining of some sort of attack or attacks, the resting and overbreathing records of about 85 will show some abnormality-of these, 20 will be indefinite, consisting of asymmetries, immaturities and the like, and 65 definitely outside the normal range (Fig. 1 ).
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Proceedings of the Royal Society of Medicine 6 Of the 65 abnormal cases 28 will show specific features, but 37 without activation will be non-specific. The most important advance in the statistical sense is that of these 37 nonspecific abnormalities, 12 will be converted by photic stimulation into specific patterns; so that of the whole 100 patients complaining of fits, 40% may now be expected to yield diagnostic patterns in the EEG if we include the results of photic activation-which, incidentally, do not show as marked a correlation with youth as do the findings during rest or overbreathing.
Before dealing with photic activation in more detail, certain features of the resting records which have been revealed only by the prolonged and repeated study of this large clinic should be discussed. Some patients have been followed for fifteen years and from them of course scores of records have been taken. It has been possible in these patients to follow the various epileptic manifestations during maturation and to observe the effect of the several forms of treatment introduced from time to time.
Perhaps the most disturbing observation is that many patients, in whom originally a focal disturbance was found, have later developed non-focal activity of the "classical wave-andspike petit-mal" type. So-called "focal sharp waves" often accompanied by much slower waves-what some American workers call the "petit-mal variant"-after many years can turn into the classical bilateral synchronous wave and spike which all regard as characteristic~~~~~B lAW FIG. 2.-Evolution of bilateral synchronous wave-and-spike from right temporal sharp-wave focus in a girl aged 5 at time of first record. A taken in , B in July 1950 , C in October 1950 History of major attacks once a month, increasing in severity, starting on left side, originally attributed to worms. of petit ma! (Fig. 2 ). This throws a clear though oblique light on the recent theories of paroxysmal disorders. It certainly suggests that the choice of subjects for surgical intervention is much less straightforward than was at first supposed. It is interesting also that patients with a sharply focal disturbance of the sharp-and-slow-wave type may be found a few months later to have a precisely similar disturbance in an entirely different part of the brain, sometimes in the homologous region of the other hemisphere, but often in quite unrelated areas. In some cases the evolution of wave-and-spike from focal sharp-and-slow waves may be demonstrated experimentally by photic stimulation-which again is evidence in favour of the theories of epilepsy discussed elsewhere (Walter in "Electro-encephalography", 1950 , Walter 1947 , Walter and Walter, 1949a .
The physiological basis of the activation procedures which have so much interest and value in the clinic is a sound development from experimental observations and it is comforting to recall that the effect of rhythmic photic stimulation was not an accidental discovery.
In 1942 we observed that automatic frequency analysis of epileptic records between seizures often displayed components which were harmonically related, or nearly so. During the seizures themselves the harmonic relationship was closer and more consistent, as would be expected from the regularity of the seizure patterns. With the aid of models we demonstrated that the various epileptic waveforms could be synthetized from simple sinusoidal components, and that very slight maladjustment of amplitude, frequency or phase would destroy the diagnostic pattern, turning it into something more like the interseizure records whose significance was first detected by frequency analysis. It was also pointed out that even the most widespread and synchronous seizure patterns appeared different in different areas, indicating that the various components were in fact local though interdependent phenomena (Walter, 1947) .
From these observations it was predicted that if by any means one or more of the resting components could be augmented and made to synchronize the others, a seizure pattern might develop. From this it was a simple step to experimentation with photic stimuli, which were known to be by far the most effective in the evocation of normal cerebral responses. The first wave-and-spike pattern was evoked in this way in 1945 and the relation of the effective frequencies and the resting rhythms was precisely as predicted from the earlier observations. Since then, clinical observations of a more or less routine nature have been supplemented by experimental studies, both of humans and of animals, the latter notably by Gastaut and his colleagues. The evidence strongly suggests than when volleys of impulses appear in the visual afferent pathways at certain group frequencies, there is a strong tendency for their effect to extend through the structures around the third ventricle in such a way that they can influence almost any of the thalamic and hypothalamic nuclei as well as the reticular formations which are only now being thoroughly investigated. In some cases this leakage can only occur when the parieto-pulvinar-occipital circuits are in a certain state. In these cases the evocation of epileptic patterns occurs only when flicker stimulation is applied precisely at the moment of closing the eyes (Figs. 5 and 6). The degree and certainty of activation in such cases depend upon the condition of many subcortical structures and if small quantities of a convulsant drug are injected, flicker stimulation will produce epileptic phenomena in any human or any animal even when the dose of the convulsant is only about one-tenth of that required to produce a seizure by itself.
The most striking and consistent feature of epileptic records during photic activation is the generation of subharmonics of the stimulation frequency. On theoretical grounds this seems a quite pointless mechanism and indeed it is probably almost wholly pathological, but such a process would be expected to occur as a peculiar fault in a system designed for the setting up of conditioned reflexes, and it is worth considering the possibility that this "counting-down" effect may be due to disturbance of one part of the elementary learning mechanism represented by the diffusely projecting structures around the third ventricle. The pathological effects of photic activation are extremely difficult to condition, in spite of their amplitude and regularity; it is tempting to suppose that this may be because of the nature and location of the effects themselves.
From the strictly diagnostic standpoint, photic activation seems to yield four main classes of specific abnormality. The first and most common is a diffuse activity at moderate potential with many poorly synchronized components; what is sometimes called a dysrhythmia (Fig. 3 ). This usually builds up slowly during stimulation and is always accompanied by disagreeable subjective sensations of an indefinable nature. It is most commonly evoked by flicker at a frequency of 16-24 f/s. This range of frequencies is the "magic" one for epileptic activation and adjustment to the precise frequency is often very critical ( Fig. 4 ). There is good evidence that in many cases the important factor is the interval between flashes as well as their frequency. In some patients two flashes only will evoke a diagnostic pattern, provided that they are separated by about 60 milliseconds (Fig. 5) . This interval appears to be the period of maximum facilitation in physiological conditions, even for somatic sensory volleys, and in many epileptics the phenomenon may be considered a physiological misfortune. In some cases the activation appears only when the flash rate is -Variation of evoked activity with frequency of stimulus in epileptic man aged 20 with history of occasional major attacks for ten years. Stimulation at 12 f/s evokes only exaggerated elementary response and a slow wave; at 16 a crescendo of sharp waves ending in a diffuse slow wave; at 24 one spike followed by a slow wave. The resting records were normal. Electrodes as in Fig -Diagnostic pattern evoked only by two flashes during eye closure in boy aged 6 with history of one major followed by several minor attacks. Shutting the eyes without stimulation was ineffective, nor did a single flash evoke any abnormality. The effective flash interval was between 55 and 65 m.sec. The resting records were normal. Electrodes as in Fig. 3 . Section of Psychiatry 319 varied rapidly within the critical range, or when several flicker sources are used simultaneously (as Hodge will describe in more detail), or again may require synchronization of the flash with some component of the EEG itself: the trigger-feedback method described elsewhere (Walter, Dovey and Shipton, 1946; Walter, 1947; Walter and Shipton, 1949; Walter and Walter, 1949a, 1949b; Corriol and Gastaut, 1950) . Turton and Hewlett have used this method with considerable success as an aid to routine diagnosis.
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This evoked dysrhythmia is sometimes the precursor of a more definite pattern; whether or not the various components fall into step depends upon the skill and patience of the operator and upon the precise state of the patient; successful medication is often reflected in a persistent failure of the dysrhythmia to coalesce into a specific pattern. The length of after-discharge is also variable and significant.
The second type of evoked abnormality is the wave-and-spike. This also is most readily evoked at flash frequencies between 16 and 24 and in some cases only when stimulation in this range is provided just at the moment of closing the eyes (Fig. 6 ). In this group of cases there is always some after-discharge; the slowest components persist longest, the spikes ,often disappearing a few seconds after the end of the flicker. As already mentioned the wave-and-spike pattern may be preceded by a diffuse dysrhythmia-the two conditions are far from exclusive.
The third type of abnormality is the evocation of large brief spikes in the central and 'frontal areas, accompanied by myoclonic jerking of the musculature (Fig. 7 ). This 
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Proceedings of the Royal Society of Medicine 10 phenomenon does not seem to occur in those patients who respond to flicker with waveand-spike. In contrast also is the preservation of consciousness and absence of intense discomfort-the jerking itself is usually unwelcome to the patient, but only as an interference with proper control. It is important to realize that spikes and jerks can be evoked in any subject with the assistance of Metrazol and that this type of evoked disturbance has appeared in many patients who have been confidently described by clinicians as "hysterics". The frequency of flicker required for the myoclonic response is usually in the 8 to 13 f/s band or multiples of this. In some subjects-not necessarily regarded as true epilepticsthe myoclonic response can be converted into an "organic" focal parieto-occipital sharpand-slow wave by use of a feedback trigger driven from an alpha component; in such cases it can be seen that the slow component of the discharge suppresses the spikes and prevents the subcortical break-through at each flash.
The fourth type of evoked abnormality is the grand-mal seizure pattern and its usual clinical accompaniments (Fig. 8 ). In two patients referred only for disorders of behaviour, major seizures have been precipitated by flicker at about 18 f/s; in both these, careful enquiry after the examination has revealed a history of "fainting".
From this brief catalogue it will be realized that the variety of evoked abnormalities is very great; time and space do not permit consideration of the many intriguing details which seem to form a scaffolding for the growing physiological fabric. Perhaps the most important single fact from the clinical point of view is that several of the various forms of evoked abnormality can merge one into another-several patients show a crescendo of dysrhythmia leading to wave-and-spike and culminating in a grand-mal seizure (Fig. 8 ).
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As a physiologist I cannot feel content with the nomenclature and sub-classification of the epilepsies-nor even with the term itself. Practically diagnostic patterns-and clinical attacks-can be evoked in about 2 % of apparently normal persons and about 5 % of unstable or psychopathic ones-a tendency to diffusion and hypersynchrony seems inseparable from the elaborate plasticity of the primate nervous system. There is still much to learn about these effects; their study in many centres is essential if we are to avoid parochial, temporary and eccentric interpretations.
Dr. R. Sessions Hodge (Neuro-Psychiatric Department, Musgrove Park Hospital, Taunton): Photic stimulation by multi-flash as a diagnostic measure in cerebral dysrhythmia.-Of the numerous methods now in use for the "activation" of the human electroencephalographic record, photic stimulation has attracted us for a variety of reasons. Chief among these are:
(1) This form of stimulation is easy to produce.
(2) The patient experiences minimal discomfort.
(3) The brain stimulated is in its "normal" everyday condition and receives only physiological stimuli. (4) The method seems to afford considerable scope for obtaining information as to the processes occurring within the central nervous system, of which the EEG is an aspect of the concomitant electrical activity. At first we used photic stimulation as described by Walter, Dovey and Shipton in 1946, the light source being a Scophony high-power stroboscope. From this we proceeded to consider means whereby the number of cases giving positive results, of use in diagnosis, might be increased.
From an analogy with electronic calculating machines and similar devices, there arose the idea that the brain too might be "jammed" and its functioning upset if informationor stimuli-could be fed to it in such a way as to cause particular kinds of interaction between local circuits. Consideration of this soon suggested sensory stimuli as the most obvious means of achieving this and it was decided to extend the form of photic stimulation used, since this, among other things, would allow comparison with records already obtained with single-flash stimulation.
The device used consisted of four lamps, each controlled by a separate oscillator and hence capable of operation at independent flash frequencies. In the first trial model-used with all cases discussed here-gas discharge lamps were used having a spectrum covering all visible light but with a peak in the blue. These were variable in flash frequency from 0 5-30 cycles per second. The brightness of each lamp remained unaltered and crude variations of the phase of stimuli were obtained by momentary alterations in frequency.
The results obtained by this device were by no means discouraging and from the many cases seen a few examples may be selected. Case L-O. P., female, aged 46, referred after motor-cycle accident in which she suffered cerebral concussion. EEG, resting and during hypemrca, showed low amplitude record with asymmetrical alpha activity at 10 c.p.s. R>L. Very low amplitude irregular slow activity could be seen on the left side. Photic stimulation with single lamp gave little or no result. Multi-channel photic stimulation immediately gave rise to slow activity-chiefly in the theta band-in all areas, and the effect increased with exposure to stimulation until quite large, paroxysmal delta bursts were seen in all regions. This activity disappeared with cessation of photic stimulation and reappeared on its resumption.
Enquiry elicited the information that this patient was in fact subject to migraine and had been receiving treatment for this from her doctor for some years prior to the EEG examination. [Record demonstrated at Meeting.] Case II.-B. J., male, aged 7 years. This boy was admitted for the treatment of extremely frequent petit-mal attacks. These attacks could be precipitated by hyperncea but photic stimulation with a single lamp, tried on numerous occasions, had always failed to elicit a fit. Multi-channel photic stimulation succeeded in producing two attacks, each of some 30 seconds' duration, on the 322 Proceedings of the Royal Society of Medicine first occasion it was used. The occurrence of the "fit" appeared to coincide with particular harmonically (or near-harmonically) related flash frequencies. [Record demonstrated.] Mention was made in the first case of apparent increase in effectiveness of stimulation with increased duration. Numerous other cases have been seen, showing similar and related phenomena. This apparent facilitation is seen in the two following cases:
Case III.-J. C., male, aged 7 years. Complained of "fits", ? following middle-ear disease. EEG record shows diffuse polyrhythmic slow activity with some slow spikes in right temporal area. Hyperpnoea has no marked effect other than some augmentation of the slower frequencies.
Single-flash photic stimulation makes little or no difference to the record. Multi-channel stimulation quickly produces paroxysmal delta bursts and occasional " spike-and-wave" episodes. After exposure to multi-flash similar events could be elicited by single-flash stimulation.
Case IV.-G. K., female, aged 9 years. Epileptic controlled on drugs. Generalized cerebral dysrhythmia but non-specific. Little change seen after hyperpncea or single-channel photic stimulation. Multi-channel stimulation makes little difference for the first 50 seconds but with increasing duration brings up large delta bursts and finally frequent paroxysmal delta activity and "spike-andwave" episodes accompanied by myoclonic jerks.
Subjective experiences.-Patients, as a whole, appeared to find multi-channel photic stimulation less disturbing than single-channel and certain common subjective features emerged.
Generally speaking less intense visual sensations of colour were observed and patternsoften marked with single-channel stimulation-seemed less definite.
Rather less complaints of dizziness, "squeamishness" and floating sensations were experienced, but responses characterized by feelings of annoyance seemed rather more frequent than was the case with single-channel stimulation.
Inhibitory effect.-Since the technique of multi-channel stimulation appeared capable of bringing about an organization of cerebral activity corresponding to some abnormal event, it seemned possible that spontaneously occurring abnormalities might in some cases be abolished or reduced by de-synchronization of the rhythms composing them.
Comparatively few patients suitable for this form of investigation have, so far, been seen. A case is to hand, however, in which very frequent, spontaneous "spike-and-wave" episodes are greatly reduced during multi-channel photic stimulation and in others showing marked delta and theta abnormalities it has been possible to find flash combinations at which the record becomes much more nearly normal in appearance.
Possible modes of action.-It is, at' present, impossible to say anything definite about the mode of action of multi-channel photic stimulation, as the process appears complex and it is possible that different mechanisms predominate in different cases. However, it may be permissible to venture a few speculations, in the knowledge that these are at best but crude and grossly over-simplified suggestions as to the cerebral processes underlying the abnormalities observed in those cases responsive to this type of stimulation.
In many-but not all-cases showing marked responses, the components seen on frequency analysis of the abnormalities are present in the unstimulated record. It is tempting to regard the chief factor here as a synchronization by the differing flash frequencies of the existing cerebral rhythms. If this were so, the role of each lamp would be to lock to it that activity at its particular flash frequency. It might then be possible by shifting the phase of the lamp flash frequencies with respect to each other to shift that of the cerebral rhythms in the same way and so achieve a configuration corresponding to the particular abnormality observed. The de-synchronization effect reported above might be explained in this way.
A further possibility is that during multi-channel stimulation a particular pulse patterna frequency modulation effect-is attained, which corresponds to a series of critical timeintervals in the systems involved in the progress of the impulse. It may well be that this is not merely frequency modulation but a combination of that with amplitude modulation. If this should be the case, then it seems that although the correct pattern might be produced on a single lamp (model displayed at meeting) the chances of finding it are very much greater if multi-channel stimulation is used.
If the abnormal event, once started, may be in any way regarded as a self-sustaining process-or, at any rate, one with appreciable decrement-then, presumably, random stimulation must eventually cause its appearance. It is possible that this quality of randomness may be of importance in its application to the cerebral matrix and in the appearance of apparently isolated cerebral disturbances.
Work at present in progress suggests that all these and other factors, many of which are undergoing further investigation, are of importance in photic stimulation and that the field of controlled sensory stimulation may provide a safe, simple and effective means of improving the EEG diagnosis of epilepsy and allied conditions of cerebral dysrhythmia.
13
Section of Psychiatry 323 Dr. S. L. Last (Runwell Hospital, Wickford, Essex) : I propose to discuss the use of some of the drugs which have been employed, but I am afraid that the majority of these have to be dismissed as not very satisfactory for our problem. Insulin has been found, by most of those who have tried it, too unspecific. The same applies to the water-pitressin test. It is true that Gellhorn and Ballin (1946) have given favourable reports of it, but other authors, who have employed it on a larger scale, have found that a number of their controls produce slow EEG activity which was very much like that produced in epileptics. Better results appear to have come from the use of hypnotics. This is a technique which has not been especially popular in the EEG centres in this country, but the Gibbs (1947) school in the UJnited States have repeatedly reported the excellent diagnostic results obtained from EEGs during sleep. They recorded during natural sleep or during sleep induced by drugs; they felt convinced that the hypnotic drugs employed are not themselves causing changes, but these are brought out by the sleep which they think is identical with so-called natural sleep. Their work has been confirmed, particularly by French workers.
However, the main line of attack has been with Leptazol. It was introduced as a diagnostic help before the EEG era. I believe the first attempts were made in Germany and it was again taken up towards the end of the last war, both on this side of the Atlantic and in the United States. The results of using it without EEG have been disappointing in that it has not been sufficiently specific. One had hoped that it would be possible to find a dose so low that it would hardly ever produce an epileptic seizure in a normal, but sufficiently high to provoke an epileptic fit in the majority of epileptic patients, and the dose with which most people have worked has been round about 2 or 3 c.c. of the 10% solution. Unfortunately, the overlap of the two types of cases, the normals and epileptics, has been too large to be disregarded; in other words, there are quite a few epileptics who are more or less resistant to the administration of Leptazol and a number of normals who will go off into a fit on very small doses. It is more successful if employed in conjunction with the EEG although here, too, it has its limitations.
There are two main ways of using it. It has either been given as a rapid injection as in the treatment of psychoses, or as a slow injection, with or without the addition of other stimuli, like photic stimulation or overbreathing. And, again, one has to distinguish between the object of achieving the diagnosis epilepsy or not epilepsy, and the attempts to find out in cases of known epilepsy where the focus is or what type of fit the patient has.
The rapid injection has been used by Kaufman and others in Baltimore (1947), and by Cure and his co-workers (1948) in Montreal, and I reported on some results three years ago at a meeting of the Royal Medico-Psychological Association. Diagnostically it compares unfavourably with the slow injection, but it gave me results which were interesting in an unexpected way. Table I shows the 25 patients divided into those who had a normal resting EEG, those whose EEG was doubtful and those whose EEG was frankly abnormal. Neither in those with a normal, nor in those with a doubtful EEG, could clinical epileptic phenomena be provoked by 2 c.c. of the 10% solution of Leptazol, but in 9 out of my 17 patients with abnormal EEGs this small dose produced fits or severe twitches. From a diagnostic point of view this must be classed as a failure as the Leptazol brings confirmation in the cases who are already known to have abnormal EEGs but not in those in whom evidence would be welcome; but it seems noteworthy that the epileptics with an abnormal EEG showed a greater liability to respond with a convulsion to a small dose of Leptazol than those whose EEG was normal. This has been confirmed by other authors and in conjunction with the findings of others one comes to the conclusion that it is the cases whose epilepsy is not due to localized cortical disturbances who are more likely to respond to the smallest doses of Leptazol, in other words it is the group of idiopathic epilepsy. A somewhat greater success has been the slower injection. In Los Angeles Ziskind and his collaborators (1947) have determined the minimum dose required to provoke paroxysmal EEG abnormalities by slow injection, and after standardizing their slow injection technique in animals they have applied it to humans and have found that less than 2-5 c.c. of the APRIL-PsYcmAT. 2 324 Proceedings of the Royal Society of Medicine 14 10% solution would provoke paroxysmal abnormalities in the EEGs of 72% of epileptics. On the other hand more than 82% of the non-epileptics require a dose larger than 2 5 c.c. These figures correspond quite well to those published by the Montreal workers who found with their technique of slow injection that they got an abnormal EEG response in 80% of epileptics and in 15% of normals. Such figures sound quite satisfactory but the findings can hardly be regarded as a real help when dealing with the diagnostic problem of one case because they mean that one out of seven normals may show what is considered an abnormal response. Much more useful appear to be the findings which these workers have made and which confirm those of Kaufman and Earl Walker in focal lesions, particularly of the cortex. Here it has been possible to evoke abnormal discharges by continued slow injection in cases of focal lesions and the material of these two centres presents very convincing evidence that one can localize circumscribed lesions and particularly scars by this method. In some cases the evidence will rely on the EEG, that is one will find spike or slow wave discharges starting in a certain area. In other cases one can see a focal fit arise, the course of which will provide the evidence necessary for the location of the lesion. The technique employed is simple. All that is required is a slow injection of a dilute solution. 2 to 5 % is the dilution recommended and the rate of injection has been kept at about 1 to 2 c.c. per minute. It is this use of Leptazol which seems to constitute the greatest advance in the use of drugs in conjunction with the EEG.
The method of cortical stimulation is described particularly by Earl Walker (1949) . It is used during operation where an electrocorticogram is being taken, the electrodes being applied to the cortex itself. The cortex is then stimulated electrically. If the neighbourhood of a scar in a traumatic epileptic is explored in such a manner one can find that certain areas respond in a much more violent manner than others. There will be circumscribed regions,
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Section of Psychiatry 325 which on stimulation give rise to prolonged high voltage discharges. Such areas can be regarded as trigger areas and while they are responsible for the "firing off" of epileptic seizures, their removal is said to abolish or reduce the fits in traumatic epilepsy. Figs I and 2 demonstrate an electrocorticogram recorded during an operation performed by Mr. D. W. C. Northfield. Fig. 1 shows the response of a normal and Fig. 2 of a "trigger area".
Dr. John T. Hutchinson (Department of Clinical Neurophysiology. Institute of Psychiatry, Maudsley Hospital, London): I wish to describe the problems involved in the EEG diagnosis of epilepsy, and the various methods used to provoke epileptiform changes in patients. These I shall contrast with a description of my experience with subconvulsive doses of Metrazol (Cardiazol) as a provocative agent. It is of interest that the early medical writers were just as intrigued by the diagnostic problem of latent epilepsy as we are to-day. Indeed, many' of the provocative methods they described are used now with very little degree of refinement. Apuleius, in his Apologia, described the effect of exposing susceptible individuals to the sun's rays which were broken up by the whirring spokes of a potter's wheel; a method which we now reproduce by electronic means in the form of a flickering light from a stroboscope; (Temkin, 1945) . Until recently, indeed, until the more widespread use of electroencephalography, the water-pitressin test was considered to be a worth-while diagnostic method, although those who used it made little mention of its unpleasant effects. In 1943, Garland, writing on the use of the water-pitressin test, dismissed the value of overbreathing, Metrazol and ethylchloride as being ineffective, and stressed the value of the hydration technique. He then described a series of 44 patients who were definitely epileptic, in 17 of whom epileptic seizures were produced; a further group of 32 of more doubtful history is described, in 12 of whom epilepsy was diagnosed by this method. In 1947, Cohn described his work with the water-pitressin test used in conjunction with electroencephalographic examination. He was not impressed by the method since he considered that water intoxication does lead to changes in the electroencephalogram in the majority of individuals, but this response is not specifically epileptic, and, apart from that, he found patients having grand-mal seizures who showed no EEG disturbance during the period of water intoxication. A further contraindication was the risk of death occurring during the test.
But these tests are not without their clinical significance, and in 1943 Hill and Sargant described the case of a young man who murdered his mother after consuming five pints of beer. In this case, the patient's metabolic state at the time of the crime was reproduced in the laboratory during an EEG examination in association with other metabolic tests. It was cdearly shown that the association of a positive fluid balance and a low blood sugar tended to produce EEG abnormalities. Hypoglycxmia has been used in other connexions to bring out cortical instability. Lennox and Gibbs have described its use (1938) , and again Hill has done extensive work in this connexion (1948) , bringing out the spike-and-sharpwave activity in the EEG records of catatonic schizophrenics. Fig. I is from the electroencephalographic record of a patient suffering from posttraumatic epilepsy, in whom a focus of epileptic activity has been clearly demonstrated by the method of injecting insulin. This patient is a young man, who, some years ago, sustained a frontal head injury and had a plate put in to cover the bony defect in his skull. More 326 Proceedings of the Royal Society of Medicine 16 recently, he has suffered from a psychiatric illness which was diagnosed as schizophrenia, and he was considered suitable for insulin shock treatment. He began to have seizures in insulin coma, and an EEG was carried out one morning during treatment. It is of interest that he recovered very rapidly following one or two such seizures. In the series of cases which I shall describe, use was made of this tendency for abnormalities to be facilitated by a low blood sugar. All of my patients were examined in the fasting state.
It is well known that many epileptics have their attacks during sleep. The claim to have observed epileptic changes during sleep in a high proportion of the patients examined by them. They examined 500 epileptics and stated that 82% showed seizure dischar durig sleep, and only 36% showed such changes when awake. Our work at the Maudgey Hospital has been confined to borderline cases whose resting EEG showed no epileptiform abnormality. Sleep has been induced in them by the use of Seconal following the methods described by the Gibbs (1949) and Wyke (1950) . A dose of 3 grains was givem to an adult, and this dose was repeated if evidence of barbiturate activity did not appear in the record within forty minutes. It is difficult to understand why this technique should produoe epileptiform changes, and one can only mention conjectural reasons. There is no doubt that a drug such as Seconal rapidly produces fast activity in the region of 14 cycles per second. This is followed by sleep in which high amplitude slow waves alternatejv&th electrical silence. (Fig. 2 illustrates the appearance of barbiturate fast activity.) This combination of fast and slow high voltage activity is a caricature of the spike and wave associated with idiopathic epilepsy, and it may be that in susceptible individuals the caricature serves to evoke the latent abnormality. In any event, there is an alteration in the control of cerebral function, which may facilitate the appearance of latent epileptic phenomena. Fig. 3 is part of the record of a patient in whom status epilepticus was accidentally produced by the administration of Seconal. This was a mentally defective girl, aged 23. The only relevant history was the fact that she had had two previous fits which had occurred outside the mental defective colony from which she came, and there was also said to be a family history of epilepsy. She proved to be extremely tense and apprehensive, and the first record taken was completely valueless since it was dominated by the presence of muscle artefacts and no cortical activity could be seen. Therefore, it was arranged to repeat the examination, and she was given 3 grains of Seconal beforehand to allay her anxiety and to enable an artefact-free record to be obtained. It was interesting to observe that exactly forty minutes after taking 3 grains of Seconal by mouth, she began to have fits which were controlled only with difficulty by the administration of a large dose of Gardenal. In only one other epileptic did I have the opportunity of observing a seizure following the administration of Seconal. This patient was having almost daily attacks of psychomotor epilepsy, and it may well have been purely a coincidence that such an attack occurred after taking this drug. Seconal is certainly not a potent epileptogenic agent since, of 60 borderline epileptics examined by this method, in no case did the EEG abnormalities of epilepsy appear. Delay has claimed recently that scopochloralose is of use as an epileptogenic agent (Delay and Verdeaux, 1949) . It was tried out in a few patients here. The first two showed no response whatsoever, and the third showed no response during EEG examination, but four hours later he developed an unusual clinical picture characterized by confusion, disorientation, pallor, a pulse-rate of 40 and a marked fall in blood pressure. This state responded to intravenous Methedrine. No further investigations with scopochloralose have been made. The use ofsound as a means of provoking cerebral dysrhythmia has interested many people, and the use of rhythmical music by primitive native tribes to produce mass excitement would suggest that there is a closely allied field of study yet awaiting investigation. The cases of musicogenic epilepsy described by Shaw and Hill (1947) and also by Critchley (1937) are really clinical rarities. Gastaut has recently assessed the value of auditory stimulation in a group of subjects who showed positive epileptic discharges on photic stimulation, but the results proved disappointing (Gastaut and Pirovano, 1949) .
Intermittent photic stimulation has become a popular method of inducing epileptiform abnormalities in the EEG. The technique used by us has been that described by Grey Walter in his recent Maudsley Lecture (Walter, 1950) . Frequencies of between 15 and 18 per second were used, combined with eye closure. Fig. 4 is that of a girl who suffered from epileptic attacks which were associated with autonomic phenomena-rapid alterations in 328 Proceedings of the Royal Society of Medicine 18 the pulse-rate, pallor of the skin and dilatation of the pupils. The record shows clearly the association between eye closure, photic stimulation and an atypical spike and wave discharge from the cortex. Fig. 5 shows very much the same phenomenon. This record is that of a man who suffered from grand-mal seizures, and also from epileptic equivalents, in which he carried out purposeful behaviour, such as stealing motor cars and attacking people. Fig. 6 is taken from the record of a patient who was suffering from Unverricht's myoclonus epilepsy. The effect of stimuli at 14 flashes per second was to produce rhythmical An" I must emphasize that the resting records of each of these 3 patients showed clear abnormalities, and one could have made a diagnosis of epilepsy without having recourse to any of the provocative approaches. I investigated over 100 patients whose resting records showed no epileptic phenomena, and in no case did I succeed in eliciting epileptic discharges.
The chief method of provocation which I have used has been the injection of divided doses of Cardiazol without photic stimulation. This method has been described by Jasper and his co-workers , who claim that in 100% of patients suffering from cryptogenic epilepsy, a positive diagnosis can be made by the use of this method, which is, briefly, as follows: A 10% solution of Cardiazol is used. 5 c.c. of the solution is drawn up into a graduated syringe. The solution is injected intravenously, and the dosage depends a... Fele -----^b~~~~~~~~f % i . 1 (63 -64, kg. ), the initial injection is 1-4 c.c. and 0-7 c.c. at subsequent 30-second intervals. During the injection, a careful watch is kept on the record. As soon as abnormalities appear, the needle is withdrawn. A major seizure may be provoked by this method.
T'herefore, it is important to ensure that the patient is fasting, that dentures are removed,, that a mouth gag is to hand and that the patient is not suffering from any medical condition in which a seizure would be harmful. The following examples illustrate the method: Fig. 7 330 Proceedings of the Royal Society of Medicine 20
shows the record of a patient who had nocturnal attacks in which he saw hundreds of dead soldiers walking past him. When he wakened in the morning, he often found that he had bitten his tongue and had been incontinent. His resting EEG was normal, but the injection of 1 6 c.c. of Cardiazol was sufficient to produce spikes and slow waves. Fig. 8 is from the record of a patient who suffered from fits which were initiated by jerking movements of the right hand and forearm. The tracing shows the initiation of a seizure discharge in the left hemisphere. Fig. 9 is from the record of a patient who had had only three attacks of a rather unusual nature. These were nocturnal, and were always initiated by an aura in which he experienced a powerful impulse to def=cate. It required the injection of 4 c.c. of 10% Cardiazol in divided doses to produce the paroxysmal discharge of spike-and-wave activity which continued for three to four minutes before disappearing. The patient was unaware of any associated mental disturbance.
UJsing the Cardiazol technique alone, 100 patients have been examined. These were patients whose clinical histories suggested a diagnosis of epilepsy, but ordinary EEG examinations showed no epileptiform abnormality. 43 (43 %) of these showed a positive response to the injection of Cardiazol in divided doses. A positive response is considered to be spike-and-wave, spikes or high voltage slow waves following injection of up to 4 c.c. of 10% Cardiazol. There were thus 57 patients (57 Y.) who showed no abnormality. On a further survey of the clinical material, it was considered that only 6 of these 57 cases could be considered to be epileptics on clinical grounds. A further review of the group of 43 patients which responded to the stimulus showed that it contained 18 patients suffering from psychomotor epilepsy, 10 who had major epilepsy characterized by grand mal seizures, 2 cases of posttraumatic epilepsy, 2 patients who had migraine, 1 post-encephalitic Parkinsonism and 10 patients suffering from conversion hysteria. There were thus 36 true epileptic patients in the total series of 100, of whom 30 (83%) gave a positive response to the test, whereas of 64 non-epileptics only 13 (20-3y%) gave positive results.
In analysing these results further, it was seen that 30 (69 8 %.) of the 43 who had a positive response showed a spike-and-wave discharge, 8 (18 6 %) showed high amplitude slow waves, and 5 (11 *6 %) showed spike activity only. These wave forms were shared by all the clinical groups described above, indeed, 8 of the 10 hysterics showed spike-and-wave, only 2 showing a slow wave discharge. A further analysis was made of the resting records of the patients in an attempt to see whether any fresh indication could be given by them of the type of response that would ultimately develop on exposure to Cardiazol. Of the 43 patients who gave a positive response, only 4 had resting records which showed fast and slow dysrhythmia, only 2 showed predominantly fast activity, 25 showed predominantly slow activity and 12 were considered to be normal.
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In 57 subjects who failed to respond, only 8 had fast and slow activity, 4 had predominantly fast activity alone, 23 were dominated by slow activity and 22 had normal records. ' ¶1iese comparisons would suggest that the presence of slow waves in the resting record favours a positive response to Cardiazol. This contention is supported by the examination of the resting records of 36 true epileptics (Table I) . The average age of the 57 patients was 31 61 years, and the average amount of Cardiazol injected in each case was 4 c.c. The average age of the 43 who gave a positive response was 29-95 years. The average amount of Cardiazol injected in this (i.e. the positive) group was 3-17 c.c. S.D. = 0 97.
The coefficients of correlation between Cardiazol dosage and age of patient, and between Cardiazol dosage and weight of patient did not show any significant relationships (Table II) . In comparison with other methods of activation the use of divided doses of Cardiazol is the most valuable in the diagnosis of cryptogenic epilepsy. Other writers have described the Metrazol threshold in control subjects, and have considered that it is beyond 4 c.c. In the series which 1 have described, it is seen that apart from being an aid to the diagnosis of epilepsy, it may accentuate the tendency to convulse which every individual possesses. It is possible that there is a normal distribution curve of this tendency to have fits, and that subjects who share the lower end of the curve with the epileptics may show a positive response to this test. It is of interest that 10 patients suffering from conversion hysteria showed a positive response. This is obviously a matter which requires further elucidation. I am indebted to Dr. Denis Hill, at whose suggestion this work was begun. I also wish to thank Dr. D. A. Pond for his advice and criticism.
Dr. Denis Hill (Institute of Psychiatry, London) said that these new developments in the study of the epilepsies were of the greatest theoretical interest and might well lead to a better understanding both of the essential mechanism of the epileptic discharge and of the many exciting causes of it. However, not only patients with undoubted idiopathic epilepsy, but also others with seizures consequent upon disease or damage to the brain could be induced to have a clinical seizure or to show electroencephalographic evidence of epileptic discharge by these procedures. In some cases, irrespective of the diagnosis, EEG discharges follow after any or all of these procedures, in others the EEG only changes with some techniques, not others. Yet with clinical electroencephalography, recording through the intact skull, the location of epileptogenic cortical foci in the neighbourhood of atrophic lesions had not been greatly assisted by these techniques. Those who had the opportunity of recording from the exposed brain claimed much better results, particularly with the use of Metrazol, and the subconvulsive dose of this drug could be used successfully to locate the epileptogenic cortical focus. UJnfortunately there was as yet no drug and no technique which could easily differentiate an epilepsy in which the exciting focus was in the cortex, from one in which the discharge immediately involved the diffuse thalamocortical mechanisms. At the present time the speaker thought that Metrazol and induced hypoglycaemia were the best techniques for exciting the local cortical focus, whereas flickering light certainly facilitated the thalamocortical mechanism. But Metrazol in larger doses also did this. Flickering light was rather disappointing. While the majority of patients in whom the EEG already spontaneously showed evidence of epilepsy had their subclinical epilepsy greatly facilitated by the method, he thought it was true that less than 5% of epileptics with normal EEG records gave positive results. The practical value was therefore reduced. Nevertheless in some patients whom he had observed repeatedly by this method, the response to the light was found to vary from day to day and a positive result might be obtained sometimes on the second or third attempt.
All these methods, hydration, hypoglycemia, barbiturate sedation, Metrazol and the photic techniques, only served once more to widen our ideas about epilepsy which was no longer a disease or even a syndrome. By the use of these methods not only idiopathic epileptics, but also many patients with brain tumour, damage or degeneration, catatonic schizophrenics, psychotic patients and others with episodic behaviour disorders of all types, even some hysterics as had been shown, produce EEG discharges of the "epileptic" type. In. many of these patients the phenomena vary with time, sometimes being present, sometimes absent. There were undoubtedly many as yet unknown factors determining whether a patient actually shows clinical or subclinical evidence of the "epileptic" brain disorder. At the present time the decision whether any given patient's attacks or symptoms were the immediate and direct result of this disorder, must remain a clinical decision which must be made on clinical evidence, whatever the EEG result might be when one of these activation methods was used.
